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Improved Crystalline Zeolites and method of preparing 
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Wc, Mobil Oii. Corporation, A Corporation organised under the laws of the 
State of New York, United States of America, of 150, East 4^ Street, New York, 
New York 10017, United States of America, do hereby dwdare the invention, for 
which wc pray that a patent may be granted to us, and the method by which it is to 
be performed, to be particularly described in and by rhe following statement: — 5 

This invention relates to a method for preparing crystalline ^uminosilicates. 

The desirability of achieving by base exdhange as low a sodium content as 
ptjssible in crystalline aluminosiHcates which are eventually to be omployod as catalysts 
is well known to the art, for instance from U.K. Specification No. 1,000,901. It is also 
known, for instance from U.K Specification No. 1,058,762, that where the catalysis 10 
in question is of the cracking of hydrocaibon oil to jwoduce hydrocarbons of Icwcr 
boiUng range the incoming ion by wfaidi sodium is replaced in sudi base cxdiange 
is advantageously rare-earth. 

The present invention is of general s^plication to those mediods of producing 
crystalline aluminosilicates destined ultimately to be used as catalysts whidi involve 15 
the elimination from the starting alimiinosilicate of originally-j»esent mcMio^ or di- 
valent cations and the introduction into the aluminosilicate of cations e.g. tiivalent 
cations. Wc have encountered, in the practice erf such metiiods, difficulty in realizing 
a final product having as low a content of the mono- or divalent cations as we should 
expea having r^ard to the extent of the base exchange to which we had subjected 20. 
the starting material for the purpose of removing them; and we have also observed 
that the final product in some cases contains a lower content than we had expected 
of the cation e.g. trivalenc cation introduced, having regard to similar considerations, 
and that the degree of crystallinity of the fiTial product is in some cases seriously 
reduced, particularly in tiiose instances where flash drying is employed as a stage 25 
in the preparation. 

The first of these difficulties now appears to us to be a consequence of the fact 
that a minor proportion of the original monovalent or divalent cation^ eg, alkali- 
metal cation or alkaline earth metal cation — usually sodium — of the crystalline 
aluminosilicate is associated 'with the basic silicoa-o^gen-aluniinum lattice in a 30 
nianner slightly difEerent from that in wiiidi the major proportion is a<!«"r»gtpd^ the 
difference bging of a kind which renders the. minor proportion resistant to removal . 
by base exchange relative to the major: that minor piT)portion may therefore remain 
in the aluminosilicate after a base-exchange operation of extent which would justifiably 
be expected to ^remove the whole of the cation were the whole of iliat cation associated 35 
with the lattice in the same marmer. 

The second difficulty can likewise be traced to the manner of association between 
the incoming cation e.g. trivalent cation — often rare earth — and the lattice. We 
have found that rare e^rth ions, die presence of which in a crystalline aluminosilicate 
tends to impart to the aluminosilicate resistance to conditions which might otherwise 40 
cause the crystalline material to degrade to the amorphous condition, are capable of 
relativeiy strong or relatively weak association with the lattice. The diminished content 
of rare earth cation in the final product is therefore assumed to follow fnHn the 
creation only of the relatively weak association with the lattice when tiiese cations 
iPrice4s.6d.\ 
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are introduced by base exchange, with the result that subsequent steps in the overall 
preparation may cause severence of that assodation thus lowering both the rare earth 
content itself and also the resistance to loss of crystallinity of the ahimmosilicate. 

We have found that at least part of that portion of mono- or divalent cation 
which is resistant to removal by base-exchange may be rendered easily so removable 
if the crystalline aluminosilicate containing it is heat-treated. 

The present invention provides a method of preparing a aystalline aluminosilicate 
for use as a catalyst, comprising heating an aluminosilicate containing mono- and/or 
divalent cations to a temperature in the range 150 to 1700<>F. for a time sufficient 
to reduce the moisture content of the aluminosilicate to less than 90%' of saturation 
and thereafter subjecting the aluminosilicate to base-exchange to reduce the content 
of said mono- and/or divalent cations to less than 80% otf their concent prior to 
said base-exchange. . , , , ^ c ^ ^ 

The invention is accordingly characterised by the fact that before base-excnange, 
e.g. with trivalent metal cations, to remove the resistant portion is attempted the 
aiuminosiUcate is heated to a temperature in the range 150 to 1700^F., preferably 
to a mmiTTi iim temperature of 250*'F, even more preferably to a temperature in the 
range 1200 to 1400<'F, the time for which the material must be held at the heating 
temperature corresponding to the time required at that temperature to reduce the 
moisture content of the aluminosiHcate below 90%, preferably below 70% and even 
more preferably below 20%, of the saturation value. 

The monovalent cations may be alkali metal cations, e.g- sodium ions. The sodium 
ions may have resisted removal in a prior base-exchange, which, for example replaced 
sodium ions by rare earth wns. The base-exchange subsequent to the heatmg may 
also replace sodium ions "by tare earth ions, ^ , 

The altoninosilicate starting material may contain trivalent canons, m addiaon 
to the mono- and/or divalent cations, before being heated. Indeed a substantial 
proportion of the cations in the aluminosilicate may be rare earth cations. 

We have also found that, provided the heating is conducted above a certam 
minimum temperacore, it adueves the fanfaer effea of strengthening die bonding to the 
lattice of trivalent cation present: a preferred embodiment of tie invennon is 
fore chaiacterised by the fact that die heating of a crystalline aluminosflicate which 
has pievious^ been sul^ccced to base-exchange to introduce trivalent canon, pamcu- 
laiiy rare eaith, is carried out in die ran^ 250 to 1700^R The product of riic pre- 
ferred embodiment has enhanced resistance to loss of crystallmity or of rare ^rth 
cation, and, in particular, may be processed by the flash-dfeying techmque whilst 
retaining crystallinity. 

The aluminosilicatB may be heated in an atmosphere of steam, air-steam, nitrogen, 
flue gas, oxygen or hydrogen. After the base-exchange subsequent to die he^m& die 
aluminosilicate may be once more subjected to the heating foUowcd by the base- 



The base-exchange of the aluminosilicate subsequent to heating may reduce the 
alkali metal content of die aluminosilicaie to a value within the rai^ 0.03 to 0.2 weight 
percent. , . « 

The aluminosilicate subjected to base-exchange subsequent to heanng may be 
mixed widi relatively catalytically inert materiaL For example die almnmosihcate 
subieaed to heating is naixed Msith the relatively catalytically mert matenaL Attetna- 
tively die MummosiHcatc subjected to base-exchange prior to heating may be mixea 
with relatively catalytically inert materiaL 

After the final base-exchange the aluminosilicate may be spray-dned. 

Trivalent metal cations which may be fixed in the zeohte m accordance wim 
our invention include die rare eardi metals, Le. mctab having atomic numbeij in die 
range 57 to 71, yttrium, scandium, manganese, iron, chromium, ruthenmm, riiodiim, 
gold, indium, gsimum, and aluminium, vrixh preference being accoroed the rare eartas 

and ^J^^ cations which may be introduced into die zeolite by ion exchange (afrer 
die zeolite has been subjected to diermal treatment to effect redistribunon of the 
monovalent and/or divalent cations present therein) at the expense of one or more 
of the foregoing monovalent and/or divalent cations include ammomum, rare earth, 
bervllium, calcium, magnesium, as wdl as other metal cations from Groups lA^ IB, 
IIA Iffi niA IIIB, IVB, VIB, VIIB, and VXH of die "Periodic Table of die 
Elements," (1962), dismbuted by E. H. Sargent & Co., Chicago, niinois. 
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Any soluble compound of trivalent metal, eg., rare earth metal, may be employed 
lor base exchange. Generally, an aqueous solution of a tiivalent metal salt, typically 
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Other advantage^ diaractensucs, and features of our invention wiU become 
apparent from the followmg detailed description, given by tov of example, taken 
m conjunction with the acconipanyingdramngs herein: * 

Fig. 1 is a graph showing relative oystallinities for rare earth ahiimnosilicates 
neat treated in accordance with our invention; 

Fig. 2 is a graph showii^ relative amounts of residual sodium present in rare 
earth alummosihcate heat treated and ion e:^changed in accordance with our invention; 

rig. 3 IS a gr^ showing relative rare earth retenri<m after ion exchange for rare 
earth alummosiHcates which were heat treated, in accordance witfi our invention, prior 
to sucn ion exchange; and 

. ^. ^ Sraph showing relative crystallinities after treatment with various 

acidic solutions for rare earth aluminosiiicatcs which were heat treated, in accordance 
with our mvention, prior to such acidic treatment 
- The trivalent metal cation contaimng aluminosilicates, e.g., rare earth alumino- 

silicates, are prepared by base exchanging an alkali metal aluminosilicate which has 15 
a umform pore structure comprising openings characterized by an effective pore 
diameter of greater than 3, preferably greater than 5, and most preferably between 
6 and 15 Angstroms. The alkali metal aluminosilicate may be of the A-type, X-typc, 
y-type, L-type, D-type, T-type, K-4j type, mordenite type, or other well known 
f cam of molecular sieve, and can be prepared foUowing the general procedures 20 
described m U.S. patent 2,882,243 (A-type); U.S. patent 2,882,244 fX-type); U.S. 
^^"^.h^^^^^^"^ (Y-type); German patent 1,100,009 (L-type); German patent 
1,009,511 (D-typc); U.S. patent 2,950,952 (T-type); U.S. patent 3,055,654 (K— G 
t5T)e). The alummosihcates may also be those whidi occur naturally such as mordenite, 
chab^ite, gmdinite, offretite (erionite), neulandite, dinoptilolite, and stilhite. 25 

Base exchange of the alkali metal aluminosilicates is generally effected by treat- 
i^nt wirfi a solution characterised by a pH m excess of about 4^, preferably by a 
pH m the range of 5 to 10, and contaming the cations to be cstcfaanged into the 
alummosihcate. ^ 

I^e d^ee of exchange that wiU be achieved differs for the various zeolites, 
l^us, for zedite X conventional ion exchange proceeds reasonably rapidly until about 
0.1 equivalent of alkali metal remains per equivalent of Al in the lattice; for zeolite 
Y having a silica-ahmama molar ratio of 6 conventional exchange is rapid until about 
0.25 equivalent of alkaH metal per equivalent of Al remains; for alkali metal mordenite, 
of AL*^^ proceeds until about 0.5 equivalent of alkaH metal remain per equivalent 35 

The lowest pH that can be utilized for the base exchange sdution is governed 
by the mode ratio of silica to aiumina of the crystalline lattice of the aluminosilicate. 
I^r sihca-alumina mole ratios below about 4 the lowest pH is generaUy limited to 
w about 4.5. For silica-ahimina mole ratios from about 4 to 8 the lowest pH is about 2. 
For sihca-alumina mole ratios above 8, the pH may be 1 or even lower. 

The alkali meal content of the finidied base-exchanged aluminosilicate sieve is 
therefore desirably less than about 0.8 equivalent per equivalent of Al in the zeolke 
latuce, preferably is less tiian 0.6 equivalent per equroleat of Al in die lattice, and most 
45 preferably is less than 0.3 cquwalent per equivalent of Al m the lattice. Thus, the 4c 
base exchange is generally carried out for a sufficient period of time and under 
appropnate temperature conditions to replace at least 40 per cent of the csdiange 
able caaons, e.g. al^ metal, originally contained in the alummosilicate. 
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a rare earth metal salt or mixture of rare earth metal salts is cmployol. Thus, the 
rare earth metal salt (or salt of another trivalent metal) may be a chloride, sulfate, 
mtrate, formate or acetate. The metal cation may be cerium, lanthanum, praseodymium 
neodymium, samarium, or otiier rare earths, as well as scandium or yttriunL Solutions 
55 contaimng mixtures of these ions and mixtures of the same widi other ions, such 55 
as ainmomum may be employed. In such latter instance the aluminosilicate will 
contain not only trivalent metal cations but will also contain ammonium cations. When 
such a tirvalent metal aluminosilicate, e.g.^ rare earth aluminosilicate, is heated, 
ammoma IS hberated to thereby leave hydrogen, so tiiat die residtant aluminosiKcate 
contams hydrogen cations as well as trivalent metal cations. In tiiose zeolites which 
have openmgs large enough to accommodate large ions, alkyl ammonium ions such 
as methyl ammonium ion, dimethyl anunonium ion, trimethyl ammonium ion and 
tetramethyl ammonium ion may be used in place of ammonium cations. 
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It is coatemplated that such trivalent metal hydrogen ahunmosilMates. e.g., nre 
earth hydrogen Y aluminosilicatcs, may be employed in the presMt uwenaon, and 
Se expS4 "trivalent metal alui.miucate» is intended .ta indude al«^^|ca^ 
containing, in addirion to trivalent metal cations, other canons such as hydrogen and ^ 

"°™Whik water wiU ordinarily be the solvent in die base-erchange solutions used. 
Other solvents may also be used, e.g., alcohols. , 

The^oncenLtioa of compound employed in the Use^acchange solunon the 
cation of which is to be exchanged, and die quannty of i'^^'^^S^^^y^^ .q 
depending on the nature of the paracular compound used, on die 
^Ucate undergoing treatment and on the conditions under which treatment is effected. 
ThrovSl i^dty and concentration of the replacing cation. ^'^'Jl^^l 
more Xn thloretiddly required to remove aU of die sodmm metal connait erf die 
Snal ^if me«l ^ad^uS^sihcate. We have found. i^°^'.*<^^J^^ .5 
Son 7xch^ does not remove aU of die sodhm canons, even when two and tiiree 15 
fo?d ex?^« of^^dng cations are employed. GeneraDy, the conoentranon of co|^ 
found S cation of which replaces cations originally present m the alummosiUcate, 
is widi'in die range of 0.1 % by weight to saturation. generally 

The temperature at which base exchange is effected may vary ^^^'^^^ 

^SSlfremTwrf peri^ of die order of a few minutes for small pamcte of smac- 
Ses ttlonS p^ of the order of mondis for ^ py^T.^terto^ 
o^mSt, thel^duct is removed from the treatmg so^unon. It ^ f^le 
mISrf i^ introduced as a result of treating with the b^^^ 35 

SltS LTSs fa ^dfly effected by ^vater-washing. Also, mulcple contacc bcW^ 
St^^aM W Change solutions Vy be carried ouij^g ^9^^^ 
S^^rci««it and co-current mediods. Condiimns are adjusted a give the above 

''"^li^a'^^aspect of our invention, a ur^lent -tal ^J^^ 40 

250 to 1700«>F., and preferably from about 600 to l/Uirr. J""" 

600°T 2d oS a few milliseconds will be required at a t«^P"^^ 
??5o°F Of Se? where such elevated tempeianires are ^^f^^f.^ &e 
if die temperature 'and/or the time duration must not be so great as to destroy die 

Se characteristic zeolite snrucmre or die catalync acuviEy of die zcohte. 
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Where such 'heat treated aluminosilicates are subjected to a wet processing step 
utilizing an addic solution, the solution pH diat is tolerable wiU depend on bo^ 
tfie sihca to ahinuna mole ratio of the oolite and also to its alkali metal content 
I-or rare earth faiijasite of siKca to arlumina molar lano of 2.5 and a sodium level 

I'K^^^^i solutions of 2 pH can be tolerated. The same type of crystalline material 5 
with 4% Na ^n tolerate only a 2.8 pH exchange soluticm. The pure sodium form 
of this zeolite is rendered amorphous by sohitions of this pH. Rare eartii mordenite 
whidi has a siLca to alumina molar ratio of 10 can tolerate exchange solutions of 
in ■ . P-!r ° , deleterious effects on the rare eardi zeolite 

lypical acidic solutions which may be employed in such wet processing indude 10 
aqurous mmcral acids such as sulfuric add, nitric add, hydrochloric acid, perhloric 
acid, acenc aad, and add salt sohitions such as aluminum sulfate, aluminum chloride, 
feme sulfate, ferric chloride, chromium nitrate, zirconium sulfate and titanium sulfate. 
Another advantage deriving from the foregoing heat treatment is that the resultant 
^=> zeohte may be spray dried. Whereas such a zeolite that has not been heat treated 15 
will, upon spray drying, show a drastic reduction in its crystallinity and may actually 
become entirely amorphous, upon spxay drying a zeolite which has been heated treated 
we have found that there is no appredable reduction in the crystallinity of the 
zeolite. Spray drying is generally effeaed by spraying the aluminosilicate or a mixture 
of aiummosilicate and hydrogel into a tot air sftream, e.g. at lOOO^F. or higher. The 20 
evaporative cooling of the water lowers the tcmperamre of the ^tem. The tempera- 
ture of the dried product is usually from about 200 to 500°F. 

In accordance with another aspect of this invention, we have found that a 
crystalline aluminosilicate zeolite, which zeolite will typically contain from 1 to 5|% 
by weight of residual alkali metal, can be sul^'ected to a heat treatment followed by 25 
ion exchange with a solution contaim'ng cations which are desired to be introduced 
mto the zeolite, whereby such cations are introduced into the zeolite at the expense 
* ^ the residual alkali metal ions. It is believed that the heat treatment effects a 

redistribution of the alkali metal ions present in the zeolite. As a result of this 
^ redistribution, the alkali metal ions are rendered susceptible to ion exchange with the 30 

cation containing exchange solution. 
- M ^r^^tly advantageous to water wash the crystalline zeolite prior to 

calcination and ion exdiange. Such water washing serves to lemove water-soluble 
ions and hence is desirable, but not essendaL 

In the foregoing embodiment, the temperature and time of the heat treatment 35 
may vary within wide limits. Thus, temperatures as low as ISO^F may be employed. 
However, a time of up to several months may be required- at such rdaiivdy low 
temperature. Alternatively teniperatures as high as ITOO^^F may be employed, but in 
such instance the time is quite short, of tlie order of a few milliseconds. The uppcc 
temperature limit is, as in the preceding embodiment controlled by that temperature 40 
at whidi the zeolite tends to lose its crystallinity. 

The conditions of calcination should be suflSdent to reduce the moisture omtent 
to less than 90% of saturation value. Saturation value is the amoimt of water necessary 
to completdy fill tlie pores of the zeolite but does not indude any water between 
crystallites. It is preferable that the moisture not exceed about 70% of satuxaxion 45 
value, and most preferable that it not exceed about 20% of saturation value. 

The foregoing heat treatment is desirably effected by thermal treatment in air, 
steam, air-steam, or any other medium that does not adversely affect the zeolite, eg., 
an inert gas such as nitrogen, flue gas, oxygen or hydrogea The thermal treatment is 
50 conveniently carried out at atmospheric pressure although, of course, greater or lesser 50 
pressures may also be employed. 

To further reduce the residual alkali metal content of die zeolite, the thermally 
treated zeolite is subjected to ion exchange. It is dearable that from 0.05 to 0.2 
equivalent of alkali metal per equivalent of Al in the zeolite structure be exchanged 
55 out. 55 
The ion exchange may be effected on the "pure" zeolite. Thereafter, die zeolite, 
now depleted in alkali metal content^ may be used as a catalyst, e.g., in a fluidized 
bed, as pressed pellets or boimd extrudates in fixed or moving beds, or as the active 
catalytic component in a composite made up of such zeolite dispersed in a porous 
60 matrix. The matrix may be made up of an inorganic oxide, e.g., silica-alumina or 60 
day, or of metal salts, e-g., barytes. The day may be untreated or. add leached. 

Altemativdy, the sequence can be altered. Thus, a catalyst composite may be 
prepared by first dispersing the thermally treated zeolite ^prior to ion esschange) 
throughout a porous inorganic oxide matrix, and then subjecting such composite to 
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ion exchange treatment i«diercby the cations present in the ion exchange solution enter 
into the composite at die expense of residual alkali metal present (1) in the matrix 
and (2) in the dispersed zeolite. . * ^ -j , 

TTie thermal treatment of the crystalline aluminosilicate zeolite rendeis the residual 
alkali metal therein nnich more accessable to ion exchange and hence, mudi more easy 
to remove. Thus, subsequent ion exchange affords an aluminosihcate zeolite con tainin g 
less than 80% of the quantity of alkali metal diat it contained after calcxnatron but 
prior TO ion exchange, preferably less than 75|% of sudi quantity, and in many instances 
less than 50% of such quantity. Indeed, a residual alkali metal content within the 
range of from about 0.03 to 0.2 weight per cent of rhe zeolite is readily obtained. 
When considering a composite made up of a porous matrix containing previously 
heated aluminosilicate zeolite dispersed therein, ion exchange of such conq^osite results 
in a residual alkali metal content of less than about 0.2 weight per cent by weight 
of the composite, and typically from about 0.05 to 0.15 percent. ^ 

Where the crystalline zeolite is to be dispersed in a porous matrix, it is to be 15 
understood that other finely divided material may also be dispersed in this same 
matrix, e.g., siliceous oxide fines, high density a^ alumim. fines, lower density 
materials such as recycle catalyst fines and uncaldoed day. Odicr materials mdude 
those disclosed in U.S. Patent 2,900,349. The optimum fines size and coiioemiation 
will vary depending upon the particular material used. In general, however, me 20 
particle size of die fines should be from about 0.1 to 40 microns vroi^t mean pamde 

diameter. , ^- ^ ^ . -j 

Suitable matrix materials include silica gel, cogels of sihca and a 'metal oxid^ 
clay, acrivated carbon, metal sahs and metals. Where a cpgd of silica and a metal 
25 oxide is employed as the matrix, the metal may be one or more trf those ^^^Is <rf 
Groups n, IIlA, IVb and VlB of the Periodic Table. Suitable CQgels mdtd^wr 
example, silica-ahnnina, silica-magnesia, silica-riroonia, silica-tfaoria» sihca-ber^lia, 
silica-titania as well as ternary combinations such as silica-alumina-tbiora, 
alumina-chromia, silica-alumina-zircoma, silica-alumma-titania, sOica-alunuaa-beiyllta, 
30 silica-alxmiina-magnesia and silica-magncsia-zirconia. The silica content of the siliau 
metal oxide gd matrix will generally be within the approximate range of 75 to 99 
weight per cent with the metal oxide ranging from about 1 to about 25 wdght per caiL 
An alkali metal silicate reactant is employed to prepare die silica-metal oxide 
matrix This reactanc is generally sodium silicate but (Kher alkali metal silicate^ e.g-» 
35 potassium silicate, may likewise be used. The concentradon of alkali u^al sihcate 3i> 
solutions employed in the present process is gcncraUy such that rhe sihca amtent 
thereof is between about 5 per cent and about 30 per cent by weigjit. 

Generally a slurry of findy divided dehydrated rare eardi alummosihcate is 
formed and is added to the alkali metal silicate soludon, along witii an addic sdnncm 
40 which may coittain one or more metal salts, as described above, the oxictes <rf sudi w 
metals bemg cogeUed widi silica. The addic solutions used in gdation can lodude 
sulfuric add, hyditchloric add, nitric add and acetic add, in which is mixed <me 
or more metal salts such as aluminum sulfate^ aluminmn chloride, aluminum mmte, 
zirconhim sulfate, titanium tetrachloride, magnesium sulfate and chromium suttatE. 
45 There results a hydrosol which sets rapidly to a hydrogel, v/bich hydrogd consists 
of silica-metal oxide matrix in which is dispersed findy divided aluminoahcate zeolite 

As noted, other fines may also be dispersed in the silica-metal oxide ^ 
eg siliceous oxide gd fines made of silica gd or the silica-metal oxide cogeis 
described above, metal oxide fines made of alumina or kyanite. Of cmirse, any sucli 
50 fines shall be substantially free of materials which may poison the hydrocarbtm con- 50 
version process For example, the presence of various metals such as mckel, v^iadimn, 
iron or sodium, in specific amounts are known to adversdy effca hydrocarbOT con- 
version of hydrocarbon oils. Fines which contain these pdsras should be avoided. 
The crystalline aluminosilicate zeolite-inorganic oxide product may b e prq) ared 
55 in any desired jAysical form. Thus, the sol containing added finely divided ^fxSf 
aluminosilicate may be permitted to set in mass to a gd which is thereafterdnefl 
and broken into pieces of desired size. The pieces of dried gel so oo^amal ^ 
generally of irregular shape. Uniformly shaped pieces of dried gd may be obtameu 
by extrusion or pdlcdng of pulverized aluminosilicate-contammg gel with a smtable 
bmdcr such as bentonite day. Also, the hydrosol may be introduced into the perf<ra- 60 
uons of a perforated plate and retained therein until die sol has set to a ^^after 
which die formed gd pieces are removed from the plate. It is frequendy desirable 
that the catalyst be in the form of spheroidal parades. The sol contammg powder^ 
aluminosilicate may be made into spheroidal particles by any feasible {ffooess, sucti 
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as methods desczibcd m patents to Mariac, for example, U.S. :y 84,946. Broadly, such 
methods mvolve mtroducmg a sol into a column of water-immisdble liquid where it 
•breaks into ^obules; for examj^e, an oil medium wherein ^ sol breaks into globules, 
sets CO a gel and die globules subsequently pass into an underlying layer of water 
from whidi dicy are dmccd to further processing operations sudi as base exchange, 
i^fr^"^ calcming. Larger size spheres arc ordinarily within die 
range of from about 1/64 to about 1/4 inch in diameter, whereas smaller size spheres, 
whx<^ are g^ieraUy referred to as microspheres, are widiin the range of from about 10 
to about 100 mKirons m diameter. The use of the spfaericaUy shaped parades is of 
particular advantage in hydrocarbon conversion processes, including die niovinff catalyst 
bed processes and die fluidized process, in which the spheroidal gel patides ie 
subiected to contmiious movement. As applied to die stationary bed, spheioidal catalvst 
ch^eHn?"^^ contact between die reactaats and the catalyst by avoidmg 

On forming die crystalline zeohte-metal oxide composite a substantial amount 
of sodimn or other alkali metals provided by the alkali metal silicate are present in 
the resultmg composite. To remove die alkaH metals and cq>ecially sodium; die com- 
posite is usually base exchanged, generally widi a solution cwitaining ammomum ions. 
This base exchange is effected by treatment wddi a suitable ammonium sdulion such 
as ammomum dilonde, ammomum sulfate and ammonmm acetate, desirably charac- 
terized by a pH in excess of about 4.5, preferably by a pH in the range of 5 to 10. 
I he tca^scxchange operation is continued: imtil the finished catalyst contains sodium 
me^l of below ^out 0.4 weight per cent, desirably bdow about 0.2 wdght per cent, 
preferably 1^ dian about 0.12, and most preferably less dian about 0.10 per cent 
by weight. The time of the base-exchange contact may extaid fran a brief period of 
^ l^gf j^^^^ partides to longer periods of die order of days 

Rather than the foregoing base exchange with ammomum ions, the ahmunosilicate 
zeolite (or the composite containing such zeolite dispersed therein) may be exchanged 
widi a solution containing metal cations, e.g., rare earth iwis, ahmiinium ions, calSm 
ions, thfsreby removing residual alkali metal and replacing it with such metal cations. 
Or the ion exchange may be effected using a solution containing several cations, eg. 
ammomum ions and rare eardi ions. It may be desiraMe to ntiiize a series erf exchange 
tteatments, e.g., with rare eardi ion solutions and/or with ammonium ion solutions. 
In any event, tiie comparative ease with which residual aHcaH metal in the alumino- 
sdicate zeolite is replaced widi cations from the particular ion exchange sokition is 
believed to be attributable to the initial thermal treatment of the zeolite. 

Inasmuch as diermal treannent of a trivalent cati(Mi-containing oystalKne 
alummosdicate renders it resistant to low pH salt solution^ alkaU metal present may 
be eioAanged nsmg low pH solutions rather than using such higher pH sdutions as, 
e.g., rare eanh salt scdutions and/or ammonhim salt sdutions. For instance, diere 
may be employed aluminium salt solutions having a low pH of about 3.8, or add 
solutions such as acetic add or about 2.8 plEC or sulfuric add of about 1.0 pff. 

Generally water is employed as the solvent in die ion excfaange sdution. However, 
45 other solvei^ while usually less preferred, may also be used Thus, in additiOT to 
aqueous solutions, alcoholic solutions^ of. suitable compounds as previously described 
may be employed for the base-exchange treatment. 

l^e concentration of compounds emplpyed in the ion exchange sohition will 
vary, depending on the nature of the particular compound or compounds used and 
50 upon The particular conditions under whidi the treatment is effected. 

Generally the concentration of a^uce in the ion exchange solution is within the 
range of 1 to 15 per cent by \veigh^ a more preferred range being from about 1 to 
10 per cent by weight, a particularly desirable range bdng from about 1 to 3 per cent 
by weight. *^ 

55 The temperature at which ion exchange is effected may vary withm wide limits, 

generally ranging from ambient temperature to an elevated temperature bdow the 
boibng point of the treating sohition. The volume of ion-exdiange solution enmloyed 
may also vary widely, but generally an excess is emploved, and such excess, after a 
smtable period of contact, is removed. Naturally the durraion of such period of contact 

60 may also vary widdy depending upon the temperature of the solution and the parti- 
cular compound or compounds employed for base exchange. Accordmgly, the ccmtaa 
time may be for a relatively brief period of the order of a few hours, or may extend 
for longer periods of the order of several days. 
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Thereafter the treating solution is removed from the product. Anions introcLiced 
as a result of treating with the ion e»±ange sohition are removed by iratcrwadung. 

The washed produa is then dried in supeibeated steam to remove substantially 
all the water therefrom. The drying may be effected at '^^^'^P^^'l^'^: 
but it is preferred to dry at a temperature of from 260 to 340°F. for from 2 to 24 
hours or even longer in superheated steam. , . -j 

Where the foregoing zeolite is incorporated in an mcwgamc oxide matrix to toim 
a composite suitable for cracking, sudi comp«ite is generaUy aibjected » a treatment 
so as to t«nder it more attrition resistant and analytically selective. Such treannent 
entails heating the composite in an amiosphere which do« not advosety J^* 
catalyst such as steam, air, nitrogen, hydrogen, flue gas. 1'^'^.^, i^,*^!^- 
Generally, the dried composite is heated in steam or steam-air impure to a t^^; 

n die approrimate range of 5G0»F. to 1500°?- « P«»f°f ^""^ 
1 hour and usuaUy between 1 and 48 hours. The fimshed catalyst product has a 
15 surface area, within the approximate range of 50 to 400 squaxe meters per gtam^ 
If desirU the zeolite which has been heat treated m accordana with our mv«m- 
tion may be incorporated in a fluid catalyst system. Such a fluid ^f^^f^^^ 
prepared, for example, by dauting sodium silicate with an equal volmne of 
ad&g d,e pH to about 10 yi* aqueous sulfuric aad, 

aluminiin sulfate solution to produce a pulp contaimt^ the '^^'^J^^^'^Llj^ 20 
by weight of alumina per 9 parts of silica, and addmg concentrated, ammomtm 
hydroSde to raise the ^ to Sout 8. The calcined treated atanmosilicate « then 
added. (Alternatively the calcined aluminosiUcate may be ^Ler, uc^ lie 

sodium silicate-water-sulfuric add.) The matenal is then sp^ ^^^^'^S.^^ « 
exchange with a dilute ammomum sulfate solution to reduce tiie sodmm content to 25 
less than about 0.2 per cent by weight. ^ -.j 

Craddng, utitoing die Catalysts described herein, may be earned out ^^f^^ 
cracW Prions e^'loymg a 'temperature wirfun die approxmiate . 
to iSf. and under a pressure fium sub^ospheru: pressure ''P.PJ^V^^^^ 
30 atm^heres The contact time of the oU widiin die catalyst is adjusted « any ^ 
^ acSXg to the conditions, the particular oU feed and the Pf'^^J^ 

to^ve I substantial amount of craddng to lo^ bofling products. Cra<±m^ may te 
^^ed in die presence of the present catalyst utito^weU ^^^^^'^^''^SSI 
for example, those A;<*erein die catalyst is employed in a fired bed, as a amqact 
35 partide-form moving bed, and as a fluidized bed of parades. „ ^^r^e 

The cracking activity of the catalyst is a measure of its "paatymcam^yze 
«mvM^^ hvdrocarbons and is expressed herein as the pcrc»itagB converaon of 
Tm^^^Z^Sg^OH having a boS«nge of 450 to 950°^ to ffisob^ ^vi^ 
Li^^T^ 410°F. For bSd or pelleted catalyst, the vapors of the said gas ofl 
An ^^SJnuwogh the catalyst at 875^F.. at substantiaUy atmosphcnc pr^ 40 
^° ^a^merfS vohimes of Uquid oil per volume of catalyst per homr for ten mmute 

"^STuS^Ples will funher iUustiate our invention. All parts axe by 
weight unless otherwise stated. 
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^ This Example iUustrates the preparation of a zeoUte starting material for the 

crvnalline aluminosilicates of the present invention. 

^A^Se sodium aluminWhcate of die X-type havmg uniform po^ <^«>»gf 
betw«n^ and fifteen Angsffom units and used as stamng matenal to prepare rare 

50 eST^iSSScate, was "prepared according to the Procedure desmb^ m US^ 50 
Patent No. 2,882,244. The sodium aluminosilicate was base exchanged by the action 
of ^ aou^ous^sSurion containing 4 weight per cent rare earth chloride comammg as 
to ^riS^cStimat cerium lhlorid.C al5ng widi die dilorides of praseodjmuum. 
^iCi^ ncSim. and samarium. The amount of 4 per cent "re ^rib^hmde 
^STuUd ^^1 67 pounds for each pound of sodium alummosilicate per tase 55 
e^S^e T^ve one-ho^ base-exdianie treamients were conducted at sduuon 
SSLes ^from 180 to 200«F. TTie resulting rare earth alummosdicate was 
of soWWe salts and was ball mMled m reduce its s^ ^ ^PP^'"^ 
fom- microns The rare eardi aluminosiUcate produce rare cardi zeolite X (REt) 

60 £nta"e? 26 5 v^fight per cent rare earth oxides (RE,0.) and 1-3 weight per cent 60 
sodium on a dry basis. The silica : alumina mole ratio was 2.5- 
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EXAMPES 2 6 

or :>^n?S^'^'^^^°^i!!l^^ ^ descried in Example 1 were dried for 48 horns 
at 250 F. The dncd powder was placed in a tray as a 1/8" tWcfc layer. The sample 
was then placed in a preheated furnace chamber in a steam atmosiAere and heated 
tor 1 hour at the desired tcmpcratui& C2iamber pressure was one atmosphere Tem- 
perature was measined by a 1/16" diameter thermowell running parallel to the bottom 
of the tray though the center of the powder layer. Separate samples were heated 

$?n^l ^ "^"f^ H \ ^^""^^ ^^^""^^ 8<50^F> 1100°F, 14CQ°F and 

1500°F, Api»^unately one half hour was lequired for the sample to reach the desired 
teniperature. The sample, after removal from the furnace chamber, quickly coolecf to 
ambient temperature In eadi case the heating brought about removal of well in 
excess of 10 percent of the water in the zeolite. 

The OTSiallinity, exchangeability of residual sodium, fbcation of rare earth ions 
and stability of the heated (calcmed) faujasite in acid solutions were aU investigated 
with these samples. 

X-ray crystaliinities were determmed. Samples were analyzed as they were taken 
from ^ furnace without any additional heatiag. After contact with solutions samples 
were dned at dSO^F before X-ray analysis. Cyclohexane adsorption tests were run on 
samples that had been heated (calcined) for 2 hours at 650°F. 

In the ion exchange and acid stability tests, 10 grams of the heated (caldned) 
sample were agitated for 24 hours with 100 ml of solution at ambient temperatme. 
Samples were then washed and then dried for 2 hours at 650°F before analysis One 
normal NH^Cl, Al2(SO,>3, HQ, CeCL, and 0.26 normal Al-CSOJa solutions' were 
used. ^ 

The X-ray crystaliinities, cyclohexane adsoiptions, and rare earth oxide contents 
were plotted as dependient variables in Figures 1 througji 4 as reduced vahies. The 
sample calcined at 800®F was taken as the base for calculating reduced values of 
CTystallinity, The data from wfaidi these reduced values were calculated arc given in 
Table 1. 

Discussion of Results 
Crystdlimty 

Samples which were calcined at temperatures up to 1400®F retained most of llieir 
CTystallinity. Some loss in crystallinity did occur above lOOO^F, however. At ISOO^F 
the crystalline material became amoiphous. These lesulte are shown in Figure 1. This 
Figure gives the crystallmities of the materials used in all o&er tests described below. 

Crystallmity was measured two ways: first, by the hd^t of the peak in the 
X-ray powder pattern from CuK<i-radiation at 23.1® Bragg angle 20i second, by 
adsorption capacity for cjrclohexane at 20 mm cyclohexane partial pressure. 

When the samples arc caldoed above ^SO^F, the ciystalUmt^ measmed by X- 
ray analysis and by cydohexane adsorprion are about equal. Below 650°F the X-ray 
analysis gives lower crystaliinities tiian cydohexane adsorption due to a change in 
structure as REX is dehydrated. It is not caused by a change in the amount of crystal- 
line material in die sample as is evidenced by the high cyclohexane adsorption capadty 
of the dried samples. 

The increase in cydohexane adsorption between 650°F and 80O°F is probably 
caused by greater dehydration, and therefore, greater adsorption capacity, for samples 
originally calcined above ^50^F. 

Removed erf Residued Sodium by Im Exchange; Single Stage Exchange 
After calcining the sodium becomes more easily exchangeable. This is shown 
in Figure 2 and in Table 1, Example 3. However, after ISOO^F calcination, the crystal 
collapsed to amorphous nwterial, and no sodium could be exdianged out of the 
amorphous solid. 
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Pix/itifpn of Rots Earth Cdtoyts t_ « ' 

Caldaariok at 650OF and bigfaer tanpaatutes ako fe« the rare ^ ^ 
the structure mafcmg them diflScuh to exchange. This b shown in Figure 3 and m 

^^A^nt^ chloride solution did not exchange any rare '^5* «S2f, J!? ^5 
samples calcined above 65VF. Aluminum sulfate sohioons and hydrocMonc acid 
solutions did extract some rare earth ions, even from calcined samples. 

The amorphous sample (calcined at 1500«»F) le^nded the same way as Ae 
crystaUine samples to rare earih extraction by each of dtt soluaons ^« 
026 normal ahuninum sidfatc solution extracted less rare earth thMi 1 ?^ 
5nLL sulfate solution. Thus, calcined rare earth faujasite can be contacted by 
dilute salt and acid solutions without exchanging rare earth ions. 

Crystal Stability to Add Solutions „■ ■ e, ^riri. 

Calcined rare earth faujasite retains its crystaDmity after contact with dilute 
dilute acid solutions. In contrast, sodium X is rendered ^'^P^fy.^^^^^^'^i 
same treatments. Uncaldned rare earth faujasite is mtermedate between sodnim X 

iStiorof'^ta^inity after contaa with various -^^f 
chlorWe solution ^shown Figure 4 and m Examples VJSi^6S^f1£« 
add and AlaCSO*)^ solutions destroy rare earth X crystals calcmcd below SSO^F. More 
dilute aluminum sulfate solutions cause less destruction. „i„„;„, ^i,,- 

The stability of a crystalline almninosilicate, havmg a 2-5.s^?a-^<>-^ 
ratio, « acid sohitions is entirely unexpected. Resismcc to acids « 2^ 
wi™ a siKca to alumina molar ratio of above 5.0. The above results show that fixed 
cations can also impart acid stability to a zerfite. 

When more Ami 50% of the rare earth ions were extracted by alummum or 
hydrogen ion exchange no significant amount of crystallimty was preserved. 

EXAMPLES 7—8 , . , . i*r t 

These examples show that very low sodium levds can be obtamed by nmtoj^ 
calcinations when'^eadi calcination is foUowed by an ion exchange ^JV^^ 
^oval torn two samples is conq>ared below. Both samples (made m accordance 
^"Te Sod of Siplc 1) ^ calcined in steam at "^'^ f'^^^'^^ 
exchanged twice. One sanfple (Example 8) was given an addiaonal calcination m air 
between the two exchanges. 





Example 7 


Example S 


Sodium Content, wt. %, After 

]5t V^f^^^E^ With 

1 Nonnal CeQa Solution 


.26 


.26 


Sodium Content, 25%, After 

2nd Exchange With 

1 Normal CeQ^ Solution 


.09 


.03 



In Example 8, wherein the sample was calcined between tiie two ion otdhange 
steps there r«ulted a lower sodium content. After each calcmation, the sodium imd 
STeaV^ io^Si to have been redistributed within ^ystallme p«»mon^ mafcrng 
same of the remaining sodium ions more exchangeable after each calcination. 

Examples 9 — 10 j , . 

These examples show diat a rare earth faujasite which has been heated (calcined) 
can be flash dried wi±out destruction of crystallinity. . . 

(fee of die problems in the manuf acnirc of flmd catalysts was loss m 
of die uncalcined REX component during spray drying. Two samples of R^, each 
made in accontonce widi die method of Example 1, were ^"PP^i P??^! 
preheated to MOOOR Time of contact of REX Wiethe plate was 30 seamds^ One 
sample had not been calcined. The odier sample had .'=^°^^ IL^2^°E, ^ 
described previously Both were water soaked and then equd^ted for 4 days m 
SiS aif. TTie r^ of flash drying these materials at 1400°F were as foUows: 
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Example 9 Example 10 
Uncaldxicd Calcined 
REX REX 

Ciystallinity Before Flash Drying: 100% 100% 

Crystallinity After Flash Drying: 75% 95% 



The foregoing shows that czjrstal structure is more stable in flash drying whan 
rare earth faujasite is first calcined. 

Examples 11 — 12 

These examples show that a rare earth faujasite (REX) that has not been subjected 5 
to heat treatment will, when exdianged with an aluminum sulfate solution, show a 
substantial loss in crystallinity, whereas a similar product which has been hear treated 
loses only a small portion of its oystallinity upon such aluminum sulfate treamient- 

Samples of the material made as descril^d in Example 1 were exchanged with 
(1) aqueous rare earth chloride- and (2) aqueous aluminimi sulfate under the conditions 10 
described in the Table below. Additional samples were fim heated (calcined) for 12 
hours at llOO^F., and were then subjected to the same exchange treatments. The 
crjretallinity was measured by cyclohexane adsorption capacity and, in certain instances, 
also by X-ray crystallinity determinations. The data were as foHows : 
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weight per cestt alumimna sulfate soludon, every two hovas^ for a total of 12 hours. 
Any residual sodmm was scavenged from the hydrogel by a single .2 hour treatment 
with a li% ammfmfiim sulfate solution. The hydrogel was then washed fiee itf sidfate 
ions, dried, calcined houzs In air at ISOO^R, and steamed at 1200°F, for 24 hours 
5 with 15 psijg steam. 5 

A second catal5rst (control) was made in similar fashion, howetrer the rare earth 
faujasite was not caldned prior to its incorporation into the matrix. 

The catalyst made utilizing the calcmed REX gave a 671% conversion, whereas 
die catalyst made from uncalcined REX gave a conversion of only 39%. 

10 Example 14 10 

This example shows the effect of a variety of base exchange solutions upon rare 

eardi aluminosilicate Hues which had initially been calcined. 

Rare earth aluminosilicate fines in the form of a wet cake (55 wt, |% solids) were 

prepared as described in Example 1. These fines contained 1.3 wt. % Na on a bone 
15 dry basis. The fines were divided into two portions, one <rf which was not subjeaed 15 

to calcination die other of which was calcined by heating for 12 hours at 1100*^F. 

(tmtil a residual moisture content* of 2% by weight was obtained). Thereafter, eajdi 

of the foregoing portions was divided into separate samples, and each such sample 

was subjected to base exchange widi the various solutions set forth in Table 3. In 
20 each Instance, 40 grams of REX were piaced in 1000 ml of splutioh and sdxxed inter- 20 

mittendy for 24 hours. 



(Weight lost upon \ / Weight lost upon 
calcining at a given ] — i r^lrining at 
temperature for 1 hour / \ 1800 **F. for 1 hour 

* Moisture Content = ■■- 

Weight lost upon caldning at ISOO"" F. for 1 hour 
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The above s^dutions were mixed at a temperature of about 80^F. by pouring 
solution B into solution A. The resulting nuztuxe was agitated vigorously for approxi- 
mately one^ialf an hour to form a sluny, vrinch sbary was then heat treated at a 
temperature of 200®F. for 42 hours. The solid material present was thereafter 
separated £R>m die supernatant liquid by fihration. The filter cake obtained was 
washed with one volume of water vtdume of imtiai sluny in order to remove the 
free causae At this point the cake was 73.3|% solids, the solids containing 10.0 wt. :% 
Na. 

The Y-zeoUte, prepared as previously indicated, was base exchan^ with an 
aqueous solution containing 4 wt. \% of mixed rare earth metal chloride having the 
following composition: 1.57 per cent cerium chloride, 0.83 per cent lanthanum 
chloride, 0,17 per cent praseodymium driorid^ 0J8 per cent neodymium chloride 
and traces of samarium chloride, gadolinium chloride and other rare earth metal 
chlorides (1.5 g REQa/g fines). Base exchange was carried out continuously for 2 
hours at 18Q^F. The base exdianged material was then washed free of ddoride, and 
dried at 250^F. 

The composition so obtained had a sodium content of 2.8 weight per cent and a 
rare earth metal oxide content of 14.6 wt. |%. 

Example 16 

This example utilizes rare earth aluminosilicate fines of the Y-type (REYj pre- 
pared as described in Example 15, *As is illustrated! in the present example, residual 
sodium present in such rare earth aluminosilicate fines is much more easily removed 
by rare earth exchange when such fines are first caldned and partially diehydrated. 

The rare earth aluminosilicate fiines €i Example 15 were calcined by heating in 
steam for two hours at varying tmperatuies as shown in Table 4. 

Thereafter rhc fines were exchanged once for two hours at 18Q^F. with a 4% 
REQ3.5H20 solution (1.5 grams of rare earth chloride per gram of fines), followed 
by filtering and washing the filter cake free of chloride ion. 

Table 4 shows diat whereas with no imtiai calcinatibn, rare earth exchange 
resulted in a residual sodium content of 25 per cent by weight, with a caldnadm of 
the fines followed by rare eardi exchange, & residnal sodram content was reduced: 
to from about 0.4 to 0.7 weight per cent. 

After die forcing rare eamh exdiange, the fines were again subjected to steaming 
for two hours at the temperatures indicated in Table 4, followed bv a second rare 
earth exchange, filtering, washing, and drying. The results are shown in Table 4. It 
will be noted that a second caldnadon followed by a second rare eardi exdiange further 
reduced tht residual sodium content. Thus, whereas the ''control" showed a residual 
sodium content of 2.1 weight per cent; those samples which were steamed and then 
rare earth exchan^d showed residual so^um content^ of £tom about 0^06 to 0.2 
weight per cent. 
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Example 16 

This example illiistrates the effect of calcination of rare earth aluminosilicate 
(REX) fines upon subsequent base exchange treatment with an ammonium salt 

A wet cake of rare cax^ almninosilicate fines macfe as described in Example 1, 

5 this wet cake contaimng 46.2 per cent 1^ weight of water, was divided into three 5 

portions. The first was dried in air at 240°'F., and thai slugged into a diameter 
sample. The second was base exdianged for 1-6 hours widi a 1.4 weight per cent 
ammonium sulfate solution (3 grams of ammonium sulfate per gram of fines), there- 
after washed free of sulfate ion, dried in air at 240^F., anf^ slugged to a diameter 

10 sample. The third was first dried in air at 240^F. to a residual moisture content of 10 
8.7 weight per cent, and thereafter was partially dehydttaed by treating for one hour 
at llOO^iF. with 100 per cent steam at 10 psig to yield a product having a residual 
moisture content of 1.4 weight per cent. Thereafter, the partially dehydrated fines 
were base exchanged with ammonium sulfate solution, washed, dxicd^ slugged in 

15 the same manner as described with respect to the second portion. 15 
Table 5 tabulates the treating conditions and the resulting properties. It will be 
noted that Sample 1, wherein the fines were merely dried, showai a residual sodium 
content of 1,27 wei^ per cent and a rare earth content ^of 26.5 weight per cent. 
Sample 2, which was subjected to base exdiange with ammnmum sul&t^ diowed a 

20 residua] sodium content of 0.45 weight per cent. However, the base exchange not only 20 
removed sodium, but also removed rare earth, for the resadual rare earth content was 
only 20.4 weight per cent. In contrast, Sanq>le 3, whidi was first steamed to a residual 
moist^ ccmtost of 1,4 weight per cent and thereafter was base exchanged, diowed 
a residual sodhnn content of only 0.12 wdgjht per cent Moreover, Sample 3 shows 

25 a particolaiiy desirable result in that although tiie ammonium sulfate base exchange 25 
was most eflFcctive in reducing the sodhxm content, it did not appreciably reduce the 
rare eartii content, which remained at 25,9 weight per cent as compared to 25.5 weight 
per cent for the "control" which had not been sul^ected to any base exchange. 

TaWe S sets forth additional data relating to each of the foregoing samples. It 

30 will be noted that Sample 3 showis siqierior conversion and st^serior hexane cracking 30 
as compared to Samples 1 to 2. 
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Bkamplb 17 

Rare earth aluminosilicate fingy were ppqjared as descnbed m Sample 1. These 
fines had a residual sodiiun content of 0,4 weight per ceoL The fines were dried at 
240°F. Thereafter, the fines were divided into five portion s. Th e first (Sample 1), 
which served as a control, was incorporated by mixing in a vraxsr slurry of a silica- 
alumina cogel matrix. The remaining four portions were each subjected to caldnaaon 
by heating for two hours at 650°F. in air. The first of diese pordons (Sample 2) was 
then incorporated in a silica-alumina cogel matrix as described above. The r emainin g 
three portions (Samples 3 — 5) were slugged to samples i inch in diamet^ heated 
for two hours at 650^F. in air, and then steamed for varying times at 12pO°F. mttx 
100 per cent steam at varying pressures, and then incorporated in a sihca-alumma 

cogel matrix. ^cruxtr • 

Each of the above five samples was then tempered for two hours at 65a**F. m 
air, slugged to i inch diameter and the relative crystallinity and rare earth content 
(expressed as rare earth oxides) was determined. Referring to Table 7, it mU be 
noted that Sample 1, the fines of which were not subjected to minal partial dehydra- 
tion showed a relative crystallinity of 0.7 and a rare earth content of l-l^- In contrast, 
each of Samples 2—5, wherein the fines had been subjected to partial dehydration, 
showed relative crystallinities in excess | of 10 ami rare earth contents of roughly 2 

per cent by weiriit. . . ^ r 

The five samples were then tested, for steam stabihty by steam treatment tor 
24 hours at 1200°F. with 100% steam at 15 psig and diereafcer, die lela&^e <jystal- 
Imity was measured. The control showed a relative crystallimty of 0.7. The crystal- 
linity <rf Sample 2 was 5.5 and that of Samples 3— 5 was 10 or greater. 1 ^ ^ 
Eadi of the foregoing catalysts was tested for catalytic activity. Samples 2— :> 
showed conversions of between 45 and 53 as compared to a 29.6% conversion for 
Sample 1. Moreover, the gasoline yidd for each of Samples 2—5 was markedly 
superior to that for the cacalfst of Sample 1. 
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Perceatage crystaUinity is determined by X-ray diffractioii techniques. Relative 
cryscamniiy is the ratio <jf the degree of cryscaUinity detected by such techniques of 
the samples used in Table 7 to a standard. "Shift'' gives a measure of tiie apportion- 
ment between zeolite X and zeloite Y of the contents of a sample. 

Example la 

This example shows the effect of heating rime upon residual alkali metal content 

after loa exchange. 

10 grams of REX made by die procedure of Example 1, and containing 13 wt 1% 
residual sodium, were agitated for 24 hours with lOQ ml of 1 Nonnal NH^Q solution, 
1 nor to such ueatment, each 10 gram sample had been subjected to heating at ZSO^F 
for the tmie indicated in Table 8. i 



Time REX was held at 
250 **F. in oven air 
atmosphere, Hrs. 


Table 8 

Sodium Content 
after NH^Cl exchange, 
Wt. % Na on dry basis 


Moisture Content* 
gm H2O per 100 gm 
diry zeolite 


0 


1.30 


51 


1 


0.83 


22 


4 


0,62 


17 


24 


0.43 


15 


72 


0.43 


15 



*T)aErmined by ignition loss at 1100** Cfor 1 hour, 



A residence tune m excess of 24 hours followed by ion exchange did not further 
reduce r^idual sodium content below 0.43 WL |%. It should be noted, however, that 
i:> by use of higher tempcraujres followed by ion exchange, the residual sodium content 
can be reduced well below 0.43 m. % . (See, e.g.. Table 1, Sample 3). 

Examples 19—28 
examples describe the preparation of starting zeolite materials. (Examples 
29—45 dcxi^ xhe results of exchanging the zeoHie of Examples 19^28, both 
20 calcmed and uncalcmed, with various soludons). 

. Example 19 

Calcium offretite. Synthetic offretite (zeolite T) was prepared as described in 
E^ple 1 of U.S. Patent 2,950,952. The washed product was stored as a wet filter 
cake. Hie mole composition of this synthetic offictite on a dry basis was found to 
25 be 035 NaaO.0.91 K,O.AIe0^.7.27 SiO^. The wet cake contained 34% solids, 66% 
water. 

98 grams of this wet ofEretite filter cake were given three batch exchanges with 
800 grams of 5% CaQ« solution for each exchange. Exchange temperature was 195°F 
and time of contact for each exchange was 8 hours. The cake was washed with water 
30 between exchanges. After the last exchange the cake was stored as washed, wet cake. 

Example 20 

Lanthanum ofibetite. The same procedure was followed as described in Example 
19 except that 3.5:% wt LaCls solution was used in place of 51%' wt CaClg solution. 
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Example 21 



Sodium offretite. The same procedure was foUowwl as f«=n^J^^*K 
except that 10% wt NaQ solution was used in place of the S% wt OK3* solutton. 

Example 22 . 

Ferrous ammonium Y. Zeolite sodium Y was prepared as dacntod m U^. 
PateM^,130.0O7. The washed, wet filter cake, containmg 40% !?'it^*^^c;o*^ 
had^ foUowing mole composition on a bone dry basis: ^■^2t^ii,0.Al,O^.6SiO^ 

S^^ty-fi^ grams of wet cake were given 10 batch excha^e ^wamjeats w^^ 
300 S^s%f 10% ferrous ammonium sulfete (formula wdght 392 16) soluuon per 
eSi^S^ eTcH b4h contact was for 12 hours at 1950F. After the last «^ha^e 
SSw!^ washed and dried for 16 hours at 250»F. The sodium content of the ferrous 
ammonium Y was found to be 1.8% wt, as Na. 

Example 23 i. , 

Chromium Y was prepared by the procedure gven in Example 22, ^cept that 
10«!i diromk chloride hydrate (Cra,.6!H.O) of pH 1.9^ was P^^°^ 
&us^^ium sulfat^ solution. The dried cbiomic Y had a sodium content (as 
Na) of 1.5% wt 

EXAMPLE 24 . vT 

Iron mordenite. Synthetic sodium mordcnite, designated as Zeolon Na^ 
obtain^ torn the Norton Company. Hie mole composition on a bone dry basis was 

0 8Na-0 Al»Ok.8.5SjO-.. Moisture content was 15 ^. . . , . . -u^a 

Sc^-five granii of diis zeoUte were ion exchanged by the proc^c described 
in E^Se^S -S^that 5% ferric chloride ^X^^^'J^iil^.'^'^^ 
place of die ferrous ionium sulfate solution. The dried product contamed 1.9 ^ wt 
sodium (as Na) on a bone dry basis. 

Example 25 , , 

Chromium mordenite. The chromium moidenhe was P«^«d ^7 *e same pro- 
cedurTas described in Example 24, except that 10% chronuc chlonde (CtO,) f^m^ 
?H L9r^TSd instead d the ferric dhloride sotation. The sodium content of the 
final product on a bone dry basis was 2.9% wt as Na. 

Landianum X. Sodium X was^SJSSd ^ described ^FaVo^^^^ 
The washed filter cake had die foUowing mole composiuon: NasOJU20,.2.5SiOi. xas 
cake contained 551% solids, 45% water. _ «rchaa« contacts 

Four hundred grams of diis wet cake were given six batch imi «™f«L?'^^ 
at 195^ widi 1500 grams of 10% CaQ, solution per contact. ^f^J^^ 
pro^ was dn^r 16 hours at 250°^ The produa was calaum zeohte X, 

containing 0.2% wt Na on a dry basis. contacts at 195»F Hsing 

Fifty grams of calcium zeohte X were given toee baoh «>°^"l ^^^^Lf 
740 gnSs of 3.51% LaQa solution per conuct. The cate was Wied wiifa water 
bctwMn exchanges. The final product was stored as washe(J wet filter caKe. 

Example 27 , ^ ^ e a 

Lantiianiim mordenite. A sample of nanmil nwrdenitc vras an^yzed ^ found 
to have the foUowing composition as wt %: K=1.6; Na-3.55, SiO*-72;lj 
Z O -157- Gr=2.45. 10 8 grams of diis material were pulverized and contacted 
^riS^ olN LkS solution for 1 hour at 400-F mider die autogenous Pf«^ 
^StiS^ lUe sample was washed and dried. JMs produ<^ ^^T^^^^^ct- 
die following composition on bone dry % wei^t basis: K=1.06, SiWi- 
7^ eV Al-0, = 14.5; La20, = 6.93; Ca=1.44. The moisiuiB content of the product was 
10%. 
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Example 28 

Twenty grams of calcium of&retitc, wet cake, made as described in &amirfe 19, 
were mixed with 100 grams of 53\% wt NH4GI aqueous solution. The shir^ was 
stirred in a one-quart bottle for 2 hours at a temperature <rf 75°F. Tlie solids were 
5 then filtered, washed, dried and analyzed for potassium. The potassium (K) content 

of the product on a dry basis was 3.31% wt. (See Table 9.) 

Example 29 

Twenty grains of caldum offrecite, wet cake, idendcal with diat used in Example 
28, were placed in a crucible. The covered crucfelc was caidned for 3 hours at 1000°F. 

10 10,6 grams of water were driven off by the caldmation. The total quantity of calcmed 
solids, 9.4 grams, were mixed with 10.6 grams of water and 100 grams of 5.35% wt 
NEi4a solution. The sample was stirred in a one-quart botde for 2 hours at a tempera- 
ture of 75°F. The solids were then filtered, wa^ed, dried and analyzed for potassium. 
The potassium (K) content of the product on a dry basis was 2-11% wt. Comparison 

15 of Examples 28 and 29 shows that the residual potassium in die calcined sample is 
more readily exchangeable than the te^dual potassium in the uncaldned sample. (See 
Table 9.) 

Examples 30 — 45 

Using the starting materials set forth in TaWe 9, the ion exchange was carried 
20 out, either without a preceding calcination step (Examples 30, 32, 34, 36, 38, 40, 42, 
dnd 44 which are included as comparative Examples)^ or following calcination (Examples 
31, 33, 35, 3*7, 39, 41, 43, and 45). In all instances the ion exchange was carried out 
using a two hour contact widi the exchange solution. The particular exchange solution 
used and the results obtained are set fordi in Table 9. In every instance, calcination 
25 rendered the xeadual cation more exchangeable. 
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WHATWEQLAIMIS:— ' ' 

1. A method of preparing a crystalline aluminosilicate for use as a catalvst com- 
prising heating an aluminosiUcate containing mono- and/or Tvdeat ^Ss' » a 
temperance m the range 150 to 1700°F for a time sufficient to rS Ae^oiSi^ 
content of the alummosdicate to less than 90 X of saturation and thcrSftrXS^ 5 
• aluminosilicate to base-exchange to redSioe the content of saS mS^ 

w^'S !r ^'"^ ^ ^'^.'^ P"* to said b^iS^e. 

the aLio^oSS rSSVlsSr ' '^"^ ^mperatoce'to which 

to 1400^F.°'^°^ acawding to Claim 2 wherein die temperature is in die range 1200 lo 

«f rh'^' ^ according to any one cf Claims 1 to 3 wherein the moisture content 

of die alumm^cate is reduced by the heating to less than 70% of satSi 
IS of The oh,SSr» accordmg to any one of Qaims 1 to + wherein the moisture content 
15 of the alummoi^cate is reduced by the heating to less dian 20i%' of saturation. 15 
«,h1;^H°l*l!°** aoDordmg to any one of Claims 1 to 5 wherein die aluminosiUcate 
IS subjected to bases«cdiangewiditiivalent metal cations. "uunoaucare 
earth^^iriorS^siri^SS^n^^ Chum 6 in which die trivalent metal cations axe rare 
catiom ^SJieS^L*** any one of Claims 1 to 7 wherein said monovalent 20 
carioS. ^ according to Oann 8 wherein die alkaU metal cations are sodium 

25 remoS i^ a^S^^Sge" ^ ^ -^^^i- the sodium cations have resisted 

sodhi'iot^^<^^^ ^« ^ P"- base^gc replaced ^ 

12. A methiJd accordmg to ai^ one of Claims 9 to 11 v*erein die base-exchanee 
subsequent to die heatmg replaces sodium ions by rare earth ions. «»a«5-«cnange 

^ediod according to any one of Qaurn 1 to 12 wherein die alumino- nn 
SSe bSh^tS "^"^ ^ 

nrnJ^-n^J?!?°^ according to any one of Qaims 1 to 13 wherein a substantial 
proportion of the cations m die aluminosiKcate starting material ate rare eartii catioiw. 
i„.«<.^ ■ „ ""'^J^or^^S to aiqr preceding claim wherein the aluminosilicate is « 
% A'Z^T^^Ji^ aii^steam, nitrogen, flue gas, oxygen or hydrogea 

^ f'^^o'i^accordmg to any preceding claim wfaeiein after the baae-cxchiigc 
foteySe'SiS^ ataminosilicate is once mote subjected to d. heatifg 

Jium?i^t?s4^ 40 
Silicate to a value withm the range 0.03 to 0^ weight per cent 

cWoi. . accordbg to any of Claims 1 to 16 wherein the ahnninosilicate 

45 S^^^^^ subsequent to heating is mixed with relatively catalyticaUy 

h^t;ll';JL^'^'''^u'''f^^ 9^ herein the aluminosilicate subjected to ^ 
heanng IS mixed with relatively catalyticaUy inert material . 

20. A metiiod according to Qaim 19 wherein the aluminosilicate subjected to 
base-exdmnge prior to heatmg is mixed with relatively catalyticaUy inert material. 
50 21. A method according to any preceding claim wherein after die final base- x;a 

exchange the alummosiHcatc is spray-dried. 

22. A method of preparing a crystalline aluminosilicate by base-exchange subse- 
35,^?7^39 41^^ as described in any of Examples 2 to 18, 29, 31, 33, 

23 . Crystalline aluminosiHcates whenever prepared by die method daimed in cc 
any of Claims 1 to 22. * 

1 . ^1' :^y^?carbon conversion catalysts comprising a crystalline aluminosilicate 
claimed m Claim 23. 



30 



35 



40 



1,129,042 

For the Applicants, 
CABFMAELS & RANSFORD, 
Chartered Patent Ag^ts, 
24 Soudiampcon Buildmgs, 
C2iancery Lane, London, W.QZ 



Prmted for Her Majesty's Stadonery Office by the Courier ^^^ton Spa, I9es. 

pSbliSed by the Patent Office, 25 Southainpton Buildings, London, ttom which 

copies may be <^tained. 



RELATIVE CRYSTALLINITIES OF REX AFTER CALCINATION FOR 
I HOUR IN STEAM AT TEMPERATURE INDICATED 



IJO 
0.9 
0.8 
0.7 
0.6 
0^ 
0.4 
0.3 
0.2 
0.1 
0 





CRYSTALUNITY BY 
CYCLOHEXANE 
ADSORPTION 
CAPACITY 



CRYSTALUNITY BY , 
X-RAY DIFFRACTION 



-L. 



JL 



FIG, /. 



DASHED UNE 
INDICATES 
LOSS IN 
CRYSTALUNITY 



I 



200 400 600 800 1000 1200 1400 
SAMPLE TREATMENT TEMPERATURE. *K 



1600 



> < 

► X 

I z 
• o 



10 p 
0.9 - 
0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 

0.1 
0 



SODIUM REMAINING IN CALCINED REX AFTER ION EXCHANGE 
WITH I NORMAL NH4CL SOLUTION AT 78* F 



t 



DASHED UNE 
INDICATES 
LOSS IN 
CRYSTALUNITY 



-L. 



200 



400 



600 300 1000 1200 1400 1600 



SAMPLE TREATMENT TEMPERATURE BEFORE 



ION EXCHANGE. *F. 

FIG, 2. 



1129042 COMPLETE SPECIFICATION 

- cucCT? ""'s drawing Is a reproduction of 
£ SHttiS Qf.,gj„gf on a reduced scale 

Sheets 1 & 2 



FIG. 3. 

I FIXATION OF RAR£ EARTH CATIQNS BY CALCINATION | 



OASHCO 
^ LINE 

•Vindicates 

LOSS IN 
CRYSTALLtNlTY 




200 400 600 600 lOOO 1200 
SAMPLE TREATMENT TEMPERATURE BEFOftE CXCHANGe,*F. 



1600 



RELATIVE X-RAY CRY STALUNI TIES Of CALONED RARE EARTH 
FAUXA^ITeT^ TREATMENT WITH VARIOUS SOLUTIONS 




200 ^O 600 800 1000 I20O 
CALCINATION TEMPERATURE BEFORE 
CONTACT BY SOLUTION. 'F. 



1600 



no, 4. 




IVNlOtbO JO NOIi.3VtlJ 



NOI tniiV 

ONINtVMXl HniOOS tVNtpiHO JO NOU5Vtfi 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



